of comparison stimulus Bn are reinforced, whereas selections of any other comparison stimulus are unreinforced. Such a conditional discrimination is conventionally designated as AB, whereas the sets of samples and comparisons are designated as A and B, respectively. Sidman and Tailby (1982) showed that conditional discriminations learned by humans are usually equivalence relations, possessing the mathematical properties of reflexivity, symmetry, and transitivity. According to Sidman and Tailby (see also Sidman, 1994 Sidman, , 2000 , equivalence relations are symbolic. Therefore, if conditional discriminations such as AB and BC are shown to be equivalence relations, the related stimuli (An, Bn, and Cn) comprise classes of equivalent stimuli and each member of the class may be considered a symbol of the others.
Mathematically, equivalent stimuli are, by definition, equally related to each other. However, Fields and colleagues have provided evidence that stimuli that are members of equivalence classes may differ in their degree of "relatedness," as a function of several experimental parameters (e.g., Belanich & Fields, 2003; Fields, Adams, Verhave, & Newman, 1993; Fields, Landon-Jimenez, Buffington, & Adams, 1995; Fields et al., 1997) . Fields et al. (1993) suggested a procedure for investigating quantitative variations in the relatedness of equivalent stimuli. According to the authors, the relatedness of equivalent stimuli must be evaluated with methods that are alternative or complementary to the tests of emergent conditional discriminations traditionally employed. In fact, these tests involve only forced choices among discrete alternatives; consistent performances reveal that the participant established a contextualized equivalence among the related stimuli, but these performances do not permit a verification of quantitative differences in the relations. One possible strategy for assessing the relatedness of equivalent stimuli would involve measurement of the transfer of functions established between them. Many studies have shown that a function acquired by a member of an equivalence class will transfer to other class members (e.g., Barnes-Holmes, Keane, Barnes-Holmes, & Smeets, 2000; de Rose, McIlvane, Dube, Galpin, & Stoddard, 1988; de Rose, McIlvane, Dube, & Stoddard, 1988; Dougher, Augustson, Markham, Greenway, & Wulfert, 1994; Hayes, Kohlenberg, & Hayes, 1991) . Variations in the amount of transfer would indicate variations in the relatedness of equivalent stimuli. This approach was first used to investigate the influence of the number of nodes on the relatedness of equivalent stimuli (Fields et al., 1993 (Fields et al., , 1995 . A node is a stimulus that is related to two other stimuli in an equivalence class and, therefore, connects them. For example, given a training AB and BC, B is a node because it links A and C. Likewise, given a training AB, BC, and CD, the stimuli B and C are nodes because they link A and D. Fields and colleagues established specific functions for members of equivalence classes and showed that the degree of transfer was inversely proportional to the number of nodes between stimuli.
The present work attempted to assess the relatedness of equivalent stimuli using a semantic differential device (Osgood, Suci, & Tannenbaum, 1957) . Such device was employed to investigate influences of the trial structure (Experiment 1) and also the nodal number (Experiment 2) on the transfer of functions established between equivalent stimuli. The semantic differential is a technique used to measure the meaning of "concepts" (words, locutions, pictures, figures, etc.) . Simply stated, a concept is presented and participants have to assign Likert-type values ranging usually from -3 to +3 along many scales that are anchored by opposite adjectives (e.g., good and bad). Indifference related to any pair of adjectives is valuated as 0. The measurement of meaning is based on the scatter of the scale values. This assessment device allows registering, quantifying, and comparing the meanings of one or many concepts, to one or many participants, in one or many situations.
If the assumption is correct that stimulus equivalence provides the basis for semantic or symbolic meaning (Sidman, 1994 (Sidman, , 2000 , an originally meaningless stimulus that becomes equivalent to a meaningful one should acquire a similar meaning. The two experiments described here attempted to investigate the level of such transfer of meaning employing the semantic differential.
Some studies have demonstrated that Likert-type scales are efficient devices to investigate transfer of functions in equivalence classes (e.g., Barnes-Holmes et al., 2000) . Thus, we expected that the semantic differential would be sensitive to changes in meaning induced by equivalent relations. Moreover, we expected that the semantic differential would provide a quantitative measure of the level of such transfer of meaning that could be used to assess the effects of training and testing parameters, such as the trial structure and the nodal number, on the relatedness of equivalent stimuli.
The two experiments in the present study employed the same generic design. First, participants of two experimental groups established three equivalence classes comprising pictures of human faces expressing emotions (presumed meaningful stimuli) and abstract pictures (presumed meaningless stimuli). Then, they evaluated some of the abstract stimuli through a semantic differential, and these evaluations were compared to the evaluations of the faces made by a control group. Faces expressing emotions were used as experimentally meaningful stimuli because they are regarded as naturally salient stimuli for humans and other primates in the communication of social and emotional signs (Parr, Winslow, Hopkins, & de Waal, 2000) . As documented by Ekman and colleagues (Ekman, 1972; Ekman, Sorenson, & Friesen, 1969) and confirmed in many other studies (e.g., Dimberg, Thunberg, & Grunedal, 2002; Öhman, 2002) , humans are able to produce, recognize, and interpret different facial gestures with great efficiency.
Experiment 1
For the present study, a control group and two experimental groups evaluated stimuli through a set of bipolar Likert scales. Participants in the control group received no conditional discrimination training. The semantic differential was used to evaluate abstract stimuli as well as pictures of happy, angry, and neutral human faces. Participants in the experimental groups received conditional discrimination training to establish three equivalence classes composed of pictures of faces with expressions indicative of happiness, anger, or neutrality. Each class also included three other visual stimuli that were arbitrary glyphs. Comparisons of the scale values in the semantic differential evoked by the faces and the arbitrary glyphs provided a quantitative assessment of the relatedness of equivalent stimuli. These comparisons were made when the classes were established using one of two different trial formats: simultaneous matching to sample and delayed matching to sample. These formats were used for training trials and for the derived relations test trials.
Method Participants
Participants were 39 undergraduates: 24 in a control group and 15 in two experimental groups, labeled "simultaneous group" (n = 8) and "delayed group" (n = 7). All participants were freshmen in an undergraduate psychology program in a Brazilian university. Their native language was Portuguese, and they were not familiar with stimulus equivalence or related phenomena and concepts.
Equipment, Setting, and Stimuli
An Apple Macintosh microcomputer Performa 6320 presented stimuli and recorded responses using the MTS software (V. 10.32; Dube & Hiris, 1997) . Each trial displayed five white windows (6 cm × 6 cm) on the gray screen, one at the center and one near each of the monitor's corners. Participants responded by moving the computer's mouse to position a cursor on a window and then clicking the mouse's button.
Sessions were conducted in a 2-m × 3-m laboratory room and were approximately 40 to 50 min long. Participants of the experimental group also filled semantic differential scales in this room. The control group filled semantic differential scales in their classroom. Participation in the research was a course requirement, although students could choose not to participate. All students agreed to participate and did not receive any programmed reinforcement other than differential feedback provided in experimental trials. The pictures were extracted from the Pictures of Facial Affect© CD-ROM, purchased from Paul Ekman's website (www.paulekman.com). Several pictures of human faces depicting expressions of happiness, anger, disgust, fear, surprise, and sadness are recorded on this CD-ROM. The pictures selected for this study were judged to be expressions of happiness and anger by 100% of the judges who evaluated the faces.
Procedure
Phase 1: Establishment of equivalence classes. Each matching-to-sample trial began with the presentation of the sample stimulus in the central window. For the simultaneous group, a click on this window produced a set of three comparison stimuli, one in each of three of the peripheral windows. The other peripheral window remained blank, and the sample remained on the central window. For the delayed group, a click on the central window removed the sample and, after a delay of 2 s, produced the presentation of the three comparison stimuli. A click on the window containing the stimulus designated as correct produced a sequence of tones and a display of stars moving on the computer screen. Incorrect responses blackened the screen for 3 s. The consequence for a correct or an incorrect response ended the trial, and, after a 2-s intertrial interval, a new trial began.
Participants learned conditional discrimination AB first. Training began with a block of 36 AB trials in which samples A1, A2, and A3 were presented 12 times each, in a randomized sequence. Sample A1 could be any one of the angry faces, according to a randomized sequence. In a similar fashion, sample A2 could be any one of the neutral faces and sample A3 could be any one of the happy faces. The positions of the comparison stimuli were determined according to a randomized sequence. In the first 12 trials of this block, a written prompt appeared on the screen. The Portuguese equivalent of the phrase "When this is here" appeared above the sample, and the Portuguese equivalent of "Choose this" appeared above the correct comparison. These 12 trials were followed by 24 trials without these prompts. If the learning criterion (correct choices in all of the 36 trials) was not achieved, the block was repeated. AB teaching ended when this criterion was attained, and teaching of the AC relation began, with a similar procedure. When the participant made correct choices in all AC trials, CD training started, with a similar procedure. Each of these blocks-AB, AC, and CD-could be repeated for a maximum of three times. If the participant did not achieve criterion in three presentations of a block, she or he was dismissed.
The next block verified maintenance of the cumulative baseline (AB, AC, and BC) and mixed 12 trials of each of these conditional relations, comprising, therefore, 36 trials in a randomized sequence. This block, with a different trial sequence, was repeated (for a maximum of three times) until the participant made no more than one incorrect selection.
Cumulative baseline maintenance. When this criterion was achieved, the Portuguese equivalent of the message "The computer will no longer signal if your choices are correct or wrong" was displayed on the screen and the cumulative baseline block was repeated without differential consequences for correct and incorrect responses, until participants made no more than one error. If the participant made wrong choices in more than five trials, he or she returned to the cumulative baseline with differential consequences.
Two blocks of 24 probe trials without differential consequences tested equivalence class formation. The first block evaluated the emergence of the BD derived relation. It was followed by the cumulative baseline block without differential consequences. Finally the second probe block tested emergent conditional discrimination DB. In this arrangement, equivalence classes could be tested without the presentation of the faces. Figure 2 shows a schematic representation of the trained and tested relations in this phase. The next phase was conducted only with participants who made no more than one error in each probe block. These participants met the criterion used to conclude that they formed happy, angry, and neutral equivalence classes. The others ended their participation.
Phase 2: Evaluation of the stimuli through the semantic differential. Participants who met the equivalence criterion were instructed to evaluate the abstract stimuli D1, D2, and D3 through the semantic differential. Each scale comprised seven intervals and was anchored in its two extremities by "polar terms" (a pair of opposite adjectives). The scales represented a series of continua, each going from an adjective to its opposite. The set of scales was printed on an A4 sheet that also depicted one of the "D" stimuli, as represented in Figure 3 . The participants received four sheets, the first one containing instructions to fill in the scales (see Appendix A). Each of the three other sheets displayed, above the set of bipolar scales, stimulus D1, D2, or D3. For all participants, the sheet immediately after the instructions displayed stimulus D2, equivalent to the neutral expression. The other sheets displayed D1 (equivalent to the angry expression) and D3 (equivalent to the happy expression) in an order that varied between participants.
Control Group. Participants of the control group received the same instructions and were asked to evaluate both the stimuli of set D and all the pictures of faces expressing emotions. The control group did not have conditional discrimination training.
Data Analysis. The intervals in all of the scales received a value that varied from -3 to +3. The value of -3 was assigned to the position closest to the negative adjective, and the value of +3 was assigned to the position closest to the positive adjective. For presentation convenience, Figure 3 shows the adjectives considered negative on the left and the ones considered positive on the right, and the respective values are printed below the scales. In the sheets given to participants, the values were not printed and the position of the adjectives was randomized.
For each D stimulus, therefore, each participant made a judgment on 13 scales. Each judgment was assigned a value from -3 to +3. The 13 evaluations that a participant made for each particular stimulus were averaged, so that a mean evaluation for each stimulus was computed for each participant. The evaluations were then averaged for the participants of each group. Therefore, for each emotional expression, a mean value was obtained from the control group. For each of the D stimuli, mean values were obtained from the control group, the simultaneous group, and the delayed group.
Results and Discussion
All seven participants from the delayed group and seven out of eight participants from the simultaneous group attained criterion for equivalence class formation. For these 14 participants, the semantic differential was employed to evaluate the D stimuli in each equivalence class. Figure 4 shows the individual evaluations of the stimuli D1 and D3 made by the participants of the delayed and simultaneous groups. The medians of these individual evaluations and the medians of the evaluations of the happy and angry faces by the control group are also presented in Figure 4 .
For the participants in the control group, the semantic differential was used to evaluate the pictures of faces expressing emotions and also the D stimuli. The average values of the angry and happy faces by the control group were, respectively, positive and negative. As expected, the evaluation of the D stimuli by the control group did not deviate much from neutrality. In contrast, when the D stimuli in the experimental group were considered, the picture equivalent to the angry faces (D1) received more positive evaluations and the picture equivalent do the happy faces (D3) received more negative evaluations.
The averages of all evaluations of the faces and of the equivalent pictures were submitted to an ANOVA (one-way) that found significant differences between them (p = .0083). Results were subjected to a Dunnett Multiple Comparison Test to seek differences among the values attributed to the faces by the control group and to the pictures by each experimental group separately. Differences between the evaluations of the pictures by the delayed group and the evaluations of the faces by the control group were not significant (p > .05); differences between the evaluations made by the simultaneous group and the evaluations of the faces were significant (p < .05). The statistical analyses were conducted using version 3.01 of GraphPad InStat ® software. Osgood et al. (1957) claimed that meaning has several dimensions, extracted through factor analysis of semantic differential data. The most salient, according to their analysis, were the evaluative, potency, and activity dimensions. Although a factor analysis was not conducted on the present data, most scales used in the present study can be perceived as being related to the evaluative dimension, that is, the extent to which stimuli were judged as positive or negative. In this regard, scales such as poor-rich, slow-fast, and dominant-submissive can be viewed as largely irrelevant for this dimension and were used mostly to mask the task so that it would not be viewed immediately as a "positive-negative" or "good-bad" evaluation. A data analysis disregarding these scales was conducted and yielded very similar data, with slightly larger absolute values. Therefore, these scales were maintained in data analysis. The use of semantic differential scales in the present study demonstrated that abstract stimuli, originally without meaning, acquired meanings similar to those of the facial expressions with which they became related, through equivalence class formation. Happy faces and the stimuli equivalent to them were judged positively, whereas angry faces and stimuli equivalent to them were judged negatively. These data may confer external validity to stimulus equivalence as a model of meaning. Furthermore, the comparison between values attributed to the faces and to the pictures generated a quantitative assessment of transfer of functions that can be used to estimate the relatedness of these stimuli. Results revealed that "generalization or transfer of meaning" was stronger when the relations were trained with a delayed matching-to-sample procedure. These data suggest that the methodology employed here may be useful for the investigation of quantitative parameters of equivalence relations. The extent to which the meaning (evaluated by the semantic differential) of meaningful stimuli is imparted to abstract stimuli equivalent to them may be taken as a quantitative measure of the relatedness of the abstract stimuli to the meaningful ones. The second experiment described in this article used this methodology to evaluate influences of the delay parameter and the number of nodes on the relatedness of equivalent stimuli.
Experiment 2
The purpose of this study was to use the semantic differential to assess effects of nodal distance, in seven-member equivalence classes established through a linear design. The semantic differential was used to evaluate stimuli one node distant from the faces and three nodes distant from the faces. If relatedness decreases with nodal distance, this would be revealed by comparing the evaluations of the faces and of abstract stimuli distant one and three nodes from the faces.
As in the previous experiment, participants of two experimental groups received conditional discrimination training to establish three equivalence classes comprising pictures of faces expressing emotions and abstract stimuli. In this study, however, each class included seven members: the faces and six different arbitrary glyphs. Semantic differential values evoked by the faces (values from the control group in Experiment 1) were compared to values evoked by pictures after equivalence class formation, after simultaneous or delayed matching to sample.
Method Participants
Experimental participants were 44 undergraduates: 28 in the simultaneous group and 16 in the delayed group. Their native language was Portuguese, and they were not familiar with stimulus equivalence or related phenomena and concepts.
Equipment, Setting, and Stimuli
An Apple Macintosh G4 microcomputer presented stimuli and recorded responses using the MTS software (V. 10.32; Dube & Hiris, 1997) . Sessions were conducted in a 2-m × 3-m laboratory room and were approximately 40 min to 1 h long. Participants filled semantic differential scales in this room. 
Procedure
The procedure of this study was similar to that of Experiment 1, except for the number of stimuli in the classes and a few differences in each of the two experimental phases.
Phase 1: Establishment of equivalence classes. The participants of the simultaneous and delayed groups were exposed to two experimental sessions that were separated by a 10-min break. In the first session, participants learned the conditional discriminations AB, AC, CD, DE, EF, and FG in separate blocks of 36 trials each. The second session started with a cumulative baseline training block that assessed the maintenance of responding produced by the learned relations. This block presented 12 trials each, of AB, AC, CD, DE, EF, and FG relations in a randomized sequence. The block was repeated with a different sequence of trials until the participant made no more than two incorrect selections. When this criterion was achieved, the Portuguese equivalent of the message "The computer will no longer signal if your choices are correct or wrong" was displayed on the screen and the cumulative baseline block was repeated without differential consequences for correct and incorrect responses, until participants made no more than two errors. If the participant made wrong choices in more than five trials, she or he returned to the cumulative baseline training block, with differential consequences. Then, two blocks of 24 probe trials without differential consequences tested equivalence class formation. The first block evaluated the emergence of the BG derived relation. It was followed by the cumulative baseline block without differential consequences. Finally, the second probe block tested emergent conditional discrimination GB. In this arrangement, equivalence classes could be tested without the presentation of the faces. Figure 6 shows a schematic representation of the trained and tested relations in this phase. The next phase was conducted only with participants who met the criterion for equivalence class formation: no more than two errors in each probe block. To ensure that 12 participants in each group would proceed to the next phase, more participants had to be recruited for the simultaneous group than for the delayed group (28 and 16, respectively)
Phase 2: Evaluation of the stimuli through the semantic differential. Half of the participants who met the equivalence criterion in each group were instructed to evaluate the abstract stimuli D1, D2, and D3 (one node from the faces) through the semantic differential. The other participants were instructed to evaluate stimuli F1, F2, and F3 (three nodes from the faces) through the same device.
Results and Discussion
Participants who were trained with delayed matching to sample demonstrated better performance in the probe blocks than participants submitted to simultaneous matching to sample. Thus, more participants had to be recruited for the simultaneous group. Table 1 presents, for each group, the number of participants who formed equivalence classes, who did not meet the criterion in the probe blocks, and who did not advance beyond the baseline blocks. To ensure that 12 participants formed equivalence classes in each group, 16 students had to be recruited for the delayed group and 28 for the simultaneous group. This indicates that the use of delayed matching to sample can increase probability of emergence of derived relations consistent with the formation of equivalence classes. Two recent works have presented data supporting this hypothesis. Arntzen (2006) trained AB and CB relations and verified that the probability of consistent responses in a CA test increased as a function of the delay value. Vaidya and Smith (2006) showed that consistent responses in symmetry tests occur in a higher proportion when the relations are trained with delayed matching-to-sample procedures. The data from the present study provide further support for the view that delayed matching favors the establishment of equivalence classes in a multinodal structure. Figure 7 shows the individual evaluations of stimuli D1 and D3 (one node from the faces) made by six participants of the delayed and simultaneous groups. The medians of these individual evaluations and the medians of the evaluations of the happy and angry faces by the control group are also presented in Figure 7 .
The average values of the happy and angry faces by the control group were, respectively, positive and negative. Similarly, the D stimulus equivalent to the happy faces was positively evaluated and the D stimulus equivalent to the angry faces was negatively evaluated by the two experimental groups. Figure 8 shows the individual evaluations of stimuli F1 and F3 (three nodes from the faces) made by six participants of the delayed and simultaneous groups. The medians of these individual evaluations and the medians of the evaluations of the happy and angry faces by the control group are also presented in Figure 8 . Figure 8 . Medians of the evaluations of faces and "F" stimuli by the control group, and medians of evaluations of "F" stimuli by the experimental groups.
The figure shows that F stimuli were not evaluated similarly to the faces. This is especially clear for the stimuli equivalent to the happy faces. Their evaluations were very similar to the evaluations of these stimuli made by the control group. Therefore, although the F stimuli were equivalent to the faces, their evaluation through the semantic differential approached neutrality. Evaluations of the F stimuli equivalent to the angry faces were not so clearly similar to those made by the control group. This is particularly so for the delayed group. However, evaluations of the F stimuli were clearly less similar to the evaluations of the angry faces than the evaluations of the D stimuli.
The averages of all evaluations of the faces and of the equivalent stimuli were submitted to a one-way ANOVA that found significant differences between them (p < .0001). Results were then subjected to a Dunnett Multiple Comparison Test to seek differences among the values attributed to the faces by the control group and to the D and F pictures by each experimental group separately. Differences between the evaluations of the D stimuli by the delayed group and the evaluations of the faces by the control group were not significant (p > .05); differences between all the other evaluations were significant. The statistical analyses were conducted using version 3.01 of GraphPad InStat® software.
General Discussion
Stimulus equivalence was proposed as a model to infer symbolic relations from observable behaviors. Experimental demonstrations that certain functions of a stimulus can transfer to equivalent stimuli are compatible with (and strengthen) the notion that, in many contexts, we react to symbols as if they were the events they refer to. Thus, a stimulus that has certain behavioral functions can be taken as a "referent," and the stimuli equivalent to it can be regarded as "symbols" that can substitute for the referent in some occasions. Generalization or the transfer of functions among equivalent stimuli has been widely demonstrated (e.g., Barnes-Holmes et al., 2000; de Rose, McIlvane, Due, Galpin, & Stoddard, 1988; DeRose, McIlvane, Dube & Stoddard, 1988; Dougher et al., 1994; Hayes et al., 1991) . In addition to transfer of functions, a large number of experimental studies have shown a congruence between the properties of equivalence classes and symbolic relations (e.g., Barnes-Holmes et al., 2005; Bush, Sidman, & de Rose, 1989; Saunders, Saunders, Kirby, & Spradlin, 1988; Sidman & Tailby, 1982; Wulfert & Hayes, 1988) .
Although the results of stimulus equivalence studies have been robust and consistent, only a few investigations have assessed the symbolic character of equivalent stimuli through instruments that are not components of the equivalence model itself. One such instrument is the semantic differential. In the present study, the generalization of functions from faces expressing emotions to arbitrary stimuli equivalent to them was evaluated through a semantic differential. This methodology contributed to an external validation of stimulus equivalence as a model of meaning and permitted us to evaluate to what extent abstract stimuli ("symbols") acquire properties of meaningful stimuli ("referents").
The referents simulated in this study were members of perceptual classes (e.g., Fields & Moss, 2008; . The stimuli designated as A1, A2, and A3 were not individual stimuli; rather, each comprised four pictures of faces, with each face belonging to a different person. The common feature of the faces in each category was the emotional expression, which was an angry expression in A1, a neutral one in A2, and a happy one in A3. Perceptual classes were used to ensure that abstract stimuli would be equivalent to a particular emotional expression and not to idiosyncratic aspects of a particular face.
Experiment 1 was conducted to examine whether the level of transfer of functions is influenced by the delayed presentation of the comparison stimuli in a matching-to-sample training. In effect, the results showed that transfer was more robust when classes were formed after a delayed matchingto-sample training. As mentioned, Arntzen (2006) and Vaidya and Smith (2006) provided evidence that delayed matching to sample can increase the probability of emergence of derived relations consistent with equivalence class formation. To explain such results, Arntzen argued that delayed matching to sample requires the emission (or evokes) precurrent behaviors and these behaviors would favor the establishment of derived relations. Vaidya and Smith considered that the emission of precurrent behaviors would have at least a complementary or facilitating function in this process. Precurrent behaviors are any responses that increase the probability of reinforcement for a subsequent behavior (Skinner, 1968) , without being themselves required by the reinforcement contingencies. Then, we could hypothesize that during the interval between sample removal and presentation of the comparisons, the participant has to do something to increase the probability of making the correct choice-something that helps him or her "remember" the absent sample. Any precurrent behavior emitted in this situation would constitute an additional effort relative to what one has to do during simultaneous matching to sample. This additional effort during the training would facilitate the establishment of derived relations demonstrated in the tests.
The hypothesis that the participant should emit precurrents during the delay could also explain part of the data obtained with the semantic differential. The emission of precurrents should strengthen the learned relations. Stronger relations should generate higher transfer of functions that would be reflected in the evaluation of the stimuli. However, this effect seems to occur only with the stimuli "closer" to the faces in the nodal chain (e.g., the "D" stimuli), as verified in Experiment 2.
Experiment 2 manipulated delayed matching and the number of nodes between faces and abstract pictures. As documented in many other studies (e.g., Bentall, Jones, & Dickens, 1998; Fields et al., 1995; Kennedy, 1991; Spencer & Chase, 1996) , the increase in the number of nodes negatively affected the formation of equivalence classes. In the present study, however, the nodal effect on the establishment of equivalence was much less pronounced when the relations were established by the delayed matching-to-sample procedure. But, even for participants from the delayed and simultaneous groups who demonstrated consistent performances in the tests for emergent relations, the nodal effect could be observed in the subsequent transfer test. For both groups, the evaluations of the pictures one node from the faces were similar to the evaluations of the faces (the delayed group assigned average values closer to the values assigned to the faces than the simultaneous group), whereas the evaluations of the pictures three nodes from the faces were not similar. These results support the claim by Fields et al. that the relatedness of two members of an equivalence class is an inverse function of the number of nodes comprised in the relation.
The goals of both experiments presented in this study can be articulated around a proposal to investigate quantitative properties of equivalence relations. According to Belanich and Fields (2003) , the strength of the relations among equivalent stimuli can be assessed by requiring new performances that depend on class integrity. The present investigation is aligned with this suggestion. Results show that a 2-s delay can enhance and that nodal distance can decrease transfer of functions between equivalent stimuli, supporting the idea that the relatedness of stimuli can vary as a function of the experimental parameters employed. The semantic differential was sensitive to both manipulations. Tests of emergent relations conducted with matching-to-sample procedures could not reveal such differences: Matching tests can reveal the presence of an emergent relation but not any possible difference in the degree of relatedness. Different degrees of relatedness can be revealed, however, by other measures, such as latency (Fields & Moss, 2008) or transfer of functions (Fields & Watanabe-Rose, 2008) . The methodology described here seems to be very sensitive to revealing such effects. It showed that relatedness varies as a function of delay and nodal distance and could possibly be used to study other parameters.
Appendix A Instructions for the Participants The instructions for the participants, translated into English, are reproduced in Figure A1 .
INSTRUCTIONS
You will find a picture on the top of each of the following sheets. Your task is to mark with an X the location of the picture in scales limited to opposite adjectives. Each scale represents a continuum from one adjective to its opposite. Thus, you will find, for example, the pair beautiful/ugly and will have to judge, based on this pair of adjectives, a figure 
Appendix B Individual evaluations
The values assigned to the individual evaluations by each participant of the experimental groups are reproduced in Tables B1, B2 , B3, B4, B5, and B6. 
